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In this issue, Fukumatsu and colleagues (2012) find that Shigella preferentially spread from cell-to-cell at
unique intercellular junctions. Shigella protrusions invade adjacent cells at junctions where three cells
meet, the tricellular junction. The tight junction protein tricellulin marks these sites and is important for
Shigella spread.Shigella andmembers of diverse bacterial
genera like Listeria, Rickettsia, Burkhol-
deria, and Mycobacteria have evolved
the capacity to use the host cell actin
cytoskeleton to move inside the cytosol
and spread from cell to cell (Stevens
et al., 2006). After attachment to the cell
surface, Shigella inject effector proteins
into the epithelial cell to induce bacterial
uptake, lyse the endocytic vacuole to
reach the cell cytosol, and then induce
polymerization of host actin filaments at
one pole of the bacteria. The force of
actin polymerization pushes the invading
Shigella within the cytosol, where they
replicate as they move. When the bacteria
are pushed against the inner surface of
the host cell membrane, they protrude
the membrane outward, forming finger-
like pseudopodia with bacteria in their
tips. When protrusions extend into adja-
cent cells, the recipient cell engulfs
the Shigella into a double-membraned
compartment, where the cycle begins
again.
The mechanisms by which Shigella
form protrusions into adjacent epithelial
cells and how they are engulfed were
not well understood. In this issue of
Cell Host & Microbe, Fukumatsu and
coworkers (2012) begin to dissect the
molecular pathways by which Shigella
spread into adjacent cells.
The authors used time-lapse micros-
copy to monitor bacterial spread within
epithelial sheets (Fukumatsu et al., 2012).
They observed that cell-to-cell spread
does not occur at random sites of cell
contact. Rather, the protrusions preferen-
tially penetrate through cell ‘‘corners’’
where three cells meet. These cell cor-
ners contain specialized tight junctions
marked by the protein tricellulin, a trans-
membrane protein related to occludin.
Transmembrane tight junction proteinsare organized into rows that form branch-
ing strands in the plasma membrane.
Their extracellular domains bind tightly
to those of the adjacent cell, thus creating
a tight seal. At junctions between two cells
(bicellular junctions, bTj) the tight junction
strands form a ring around the apical
border between epithelial cells just above
the adherens junctions. But where three
cells meet, at tricellular contact sites, the
tight junction strands extend down along
the lateral membranes (Figure 1). These
specialized tricellular tight junctions (tTj)
are thought to form small channels that
control paracellular flux (Krug et al., 2009).
Fukumatsu et al. show that Shigella
preferentially spread at tricellulin-contain-
ing tricellular junctions (Fukumatsu et al.,
2012). They also determined that tricellulin
is not just amarker for these sites, but that
it is co-opted for the process of cell-to-cell
spread. They used shRNA to knock down
the expression of tricellulin in infected
cells without affecting the rate of protru-
sion formation and found a reduction in
the spread of Shigella to adjacent cells.
Tricellulin depletion reduced Shigella
spread more efficiently than knockdown
of occludin or E-cadherin, which are en-
riched at bicellular tight junctions and
adherens junctions respectively.
After establishing that tricellular junc-
tions are the preferred site of Shigella
spread and that tricellulin participates in
the process, the authors explore the
downstream events in the uptake of
Shigella protrusions and show that uptake
depends on phosphatidylinositol 3-kinase
(PI3-kinase) signaling and clathrin-medi-
ated endocytosis (Fukumatsu et al., 2012).
Interestingly, clathrin-mediated endocy-
tosis of the Shigella protrusions is dis-
tinct from classical endocytosis at the
cell surface, as seen with the transferrin,
EGF, or LDL receptors. In classical endo-Cell Host & Microbecytosis, clathrin cooperates with AP-2
adaptors to form curved membranes
that eventually pinch off into the cell
(Reider and Wendland, 2011). Endocy-
tosis of Shigella protrusions appears to
be independent of the AP-2 adaptor
but rather depends on another adaptor,
Epsin-1. Epsin-1 is targeted to areas of
endocytosis by binding the membrane
phospholipid phosphatidylinositol-4,5-
bisphosphate (PtdIns(4,5)P2). It also binds
ubiquitylated cargo, and is involved in
modifying membrane curvature during
endocytosis. The authors propose that
uptake of the Shigella protrusion reflects
a specialized form of endocytosis that
depends on noncanonical clathrin-asso-
ciated adaptors.
The spread of Shigella at tricellulin-
containing junctions suggests that these
unique intercellular contacts have proper-
ties that allow transfer of membranes from
adjacent cells by specialized endocytic
processes. Is this something that Shigella
actively induces in the host cell, or is it
making use of a previously unrecognized
mode of junctional remodeling? Does
this form of endocytosis occur naturally
during paraphagocytosis, the transfer of
membrane bound fragments between
epithelial cells (Robbins et al., 1999)? We
still do not know whether Shigella uses
specialized effectors to interact with tri-
cellulin or other components of the tricel-
lular tight junctions. Alternatively, Shigella
may not be modifying the tricellular junc-
tions, but rather taking advantage of their
inherent plasticity. In contrast to Shigella,
Listeria show less of a preference for
tricellular junctions when invading adja-
cent cells. The authors propose that
Listeria uses additional mechanisms to
invade near the bicellular junctions or
through the lateral membranes instead.
For example, the secreted Listeria protein11, April 19, 2012 ª2012 Elsevier Inc. 319
Figure 1. Intercellular Transfer of Shigella Protrusions at Tricellular
Junctions
Three-dimensional diagram of infected epithelial cells where Shigella (green)
within a membrane protrusion are drawn invading adjacent cells at the tricel-
lular tight junctions (tTJ). For contrast, Listeria (red) is drawn crossing into an
adjacent cell below the bicellular junctions.
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Previewsinternalin C (InlC) enhances
spread of Listeria to adjacent
cells by loosening the bicellu-
lar junctions and the cortical
cytoskeleton through its inhi-
bition of the actin-modifying
proteins Tuba and N-WASP
(Rajabian et al., 2009). In the
future, it may be interesting
to explore whether a Listeria
mutant in InlC preferentially
penetrates tricellular junc-
tions or whether ectopic ex-
pression of InlC in Shigella-
infected cells (or coinfection
with Listeria) abrogates the
preference for spread at tri-
cellular junctions and enables
the use of bicellular junctions
instead. It will also be im-
portant to document whether
intercellular spread of Shi-
gella through tricellular junc-
tions is even more specific infully polarized cells or in well-differenti-
ated colonic epithelial tissue.
The study by Fukumatsu and co-
workers is an elegant reminder that bacte-
rial pathogens teach us both about mech-
anisms of disease and about host cell
biology. Shigella is a formidable path-
ogen, and more than 100 years after its
discovery it is still responsible for over320 Cell Host & Microbe 11, April 19, 2012 ª100 million cases of dysentery each year
and over half a million deaths in children
(www.who.org) (Kotloff et al., 1999;
Niyogi, 2005). Shigella’s only natural envi-
ronment is the human intestine, and
understanding Shigella evolution in this
context has led to several discoveries
about how our cells function. Based on
the Fukumatsu et al. study, Shigella’s2012 Elsevier Inc.actions literally point us
toward previously unknown
properties of the junctions
between epithelial cells.
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Themechanismsbywhichepithelial cells distinguishpathogens fromcommensalmicrobeshave longpuzzled
us. Now, McEwan et al. (2012) and Dunbar et al. (2012), in this issue of Cell Host & Microbe, demonstrate that
in C. elegans, microbial toxin-induced inhibition of host cellular functions, especially blockade of protein
translation, activates the effector-triggered immune response dependent on the transcription factor ZIP-2.During the last two decades, fundamental
mechanisms of pathogen sensing have
been under intense investigation anddebate, mainly focusing on pattern re-
cognition receptors (PRRs) and the path-
ogen- or microbe-associated molecularpatterns (PAMPs or MAMPs) that they
recognize. According to this paradigm, a
broad range of microbial molecules that
